Abstract: Since sediment and nutrient concentrations vary with landuses in different climatic conditions, it is critical in understanding the connection between different landuses activities and water quality, and developing appropriate management strategies for a catchment. The objective of this paper is to assess the effects of climate and landuse activities on nutrient and sediment loads at 5 selected water quality monitoring stations in the Yarra River catchment of Victoria, Australia for 1994-2008 periods. A data-based technique was applied to achieve the above objective using long-term in-stream water quality data and other readily available tools. The methodology addressed the issues of selecting water quality stations, catchment disaggregation, identification of major landuse types, analysis of pollutant concentrations and loads in different climatic conditions, and suitable data-based method (regression model LOADEST) to estimate pollutant loadings.
There was an abrupt drop in rainfall after 1996 known as millennium drought in the catchment, and the most extreme rainfall event occurs in that drought period. The study period was categorised into wet, dry and average years based on rainfall for water quality analysis purposes. Since the correlations between the concentrations of TSS, TN, TP, and streamflow (TSS: 0.57-0.72; TN: 0.50-0.57 and TP: 0.50-0.57 except station 5) were high and statistically significant (p<0.01), a regression method based model LOADEST was used to estimate constituent loads from the grab sample data. The LOADEST model is well documented, and is accepted as a valid means of calculating constituent load from a limited number of water quality data. The LOADEST model performed well in estimating TSS, TN and TP loads. Coefficients of determination (R 2 ) for the regression models in LOADEST were greater than 0.84, 0.94 and 0.88 for TSS, TN and TP respectively at all stations.
In general, TSS, TN and TP mean concentrations were higher in wet years than in the dry and average years, except at stations 2 and 3 where TN mean concentrations were higher in the average years. Also, TSS and TP mean concentrations were higher in the dry years than in the average years. This is due to the direct correlation of TSS and TP, and high runoff events. In addition, TSS, TN and TP mean concentrations were higher in the urban areas, and then in the agricultural areas. The four wet years (1995, 1996, 2000 and 2004) carried out on average 60% of TSS, 51% of TN and 53% of TP loadings in the monitoring stations. During the study period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , the highest export rates of TSS, TN and TP were from urban areas, and the lowest export rates of TSS and TP were from forest areas, and TN from agricultural areas. Overall, water quality and constituent concentrations were influenced by rainfall events and landuse types.
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INTRODUCTION
Scarcity of water, deterioration of water quality and excessive sediments in rivers and creeks have become challenging issues for food supply, food security, human health and natural ecosystems. This is particularly the case with rapid changes in landuse and farming practices, and climate. In the last few decades, changes in landuse patterns caused by demographic, economic, political and/or cultural mutations have notable effects on water supply, water quality and soil erosion (Ingram et al., 1996) . On the other hand, climate changes affect the hydrological cycle, thus modifying the transformation and transport characteristics of sediment and nutrients (Bouraoui et al., 2002 ). An increase in diffuse source pollutant loads, especially those from agricultural origins, is among the effects to be expected (Murdoch et al., 2000) .
The Yarra River located in Victoria, Australia (Figure 1 ) has played a key role in the way Melbourne has developed and grown. Due to increases in population, recent landuse development in the catchment and inappropriate application of farming chemicals, the river water quality had degraded. The catchment is the largest generator of contaminants, both in terms of total load and load per unit area in the Port Phillip Bay region (Melbourne Water and EPA Victoria, 2009 ). The annual average rainfall has declined during the last decade within the Yarra River catchment compared to the long-term historical average (Muttil et al., 2009) . Hence streamflow has become significantly lower than the long-term average in Yarra River catchment. The reduction in rainfall has had a positive effect on pollutant loads as less runoff from rural and urban catchments means fewer pollutants are washed into waterways and drains. However, the reduction in rainfall has also resulted in low dissolved oxygen levels in many smaller creeks.
A return to either higher average rainfall (signaling the end of a drought) or a move towards more frequent high rainfall events (storms) as is predicted as a result of climate change will result in increased loads being delivered to the waterways and bays (longer periods between runoff events and then high intensity events leading to concentrated pollutant runoff). There is an increasing body of scientific evidence that gives a collective picture of a warming world and other climate changes. This will have significant implications for the water resources systems. In recognition of this, Melbourne Water commissioned CSIRO to undertake a study on the implications of the impact of possible future climate change for the management of Melbourne's water, sewerage and drainage systems (Howe et al., 2005) .
In general, assessment of the impacts of climate change on water quantity and quality will need to combine complex physics-based catchment models with the results of general circulation models (GCMs) (Bouraoui et al., 2002) . However, these models require high expertise, high computational power and extensive data in all stages from model development to model calibration. Australian catchments are data-poor especially for water quality and land management practices data compared to Europe or America. Because of data-poor conditions, traditionally simpler water quality models such as Hossain et al. (2012 Hossain et al. ( , 2011 were used in the Australian catchments. Therefore, an alternative to the complex models is to use simple data-based techniques especially for management use where both time and data is limited (Worrall and Burt, 1999) . Pollutant concentrations and estimated loads can be analyzed and correlated with different climatic conditions (dry, average or wet) and landuse types by data-based techniques.
There are different techniques used for load estimation, differing in complexity, accuracy and bias. Existing data-based methods for load estimation can be classified into three major classes: (i) averaging estimators, (ii) ratio estimators, and (iii) regression methods (Marsh and Waters, 2009 ). The averaging estimators are based on some form of averaging in concentration or flow data. The ratio estimators are based on the ratio of flow and concentration and often modified by a bias correction factor. The regression methods are based on fitting a relationship between flow and concentration for estimating a continuous trace of concentration. Based on the literature, Quilbe et al. (2006) suggested that: (i) averaging estimators are accurate only when concentration measurements are available for the entire flow range; (ii) the ratio estimators are less sensitive to river and pollutant characteristics than regression methods but requires more data to achieve the same level of precision; (iii) regression methods can give the best results for sediments and total phosphorus if streamflow and concentration data are strongly correlated for a wide range of streamflow values. Therefore, the regression method should be given priority if the correlation is high enough. Since the temporal variability of the relationship between concentration and streamflow can be very important, some authors proposed to define a regression equation as a function of time in order to take into account non-linearity as well as seasonal and long-term variability (Cohn et al., 1989) .
The objective of this paper is to assess the effects of climate and landuse activities on nutrient and sediment loads at 5 selected water quality monitoring stations in the Yarra River catchment of Victoria, Australia for 1994-2008 periods. A data-based technique (regression method to estimate pollutant loads, and finding the effects of climate on the pollutant concentration/loads through statistical observation) was applied to achieve the above objective using long-term in-stream water quality data and other readily available tools such as ArcGIS. The methodology addressed the issues of selecting water quality stations, catchment disaggregation, identification of major landuse types, analysis of pollutant concentrations and loads in different climatic conditions, and suitable data-based method (regression model LOADEST) to estimate pollutant loadings.
STUDY SITE DESCRIPTION
The Yarra River catchment has an area of over 4,000 square kilometers. The Yarra River length from the head, at the Yarra Ranges National Park, to the end of its estuary, at Port Phillip Bay, is about 245 km, with additional 1,800 km of named tributaries (EPA Victoria, 1999 Figure 1 . The Upper Yarra segment, from the Yarra Ranges National Park to the Warburton Gorge at Millgrove, consists of mainly dense and extensive forested area with minimum human population. The Middle Yarra segment, from the Warburton Gorge to Warrandyte Gorge, is mainly rural floodplains and valleys with limited urban development. The majority of the surrounding land is used for agricultural purposes. The Lower Yarra segment, downstream of Warrandyte, is mainly urbanised floodplains, and has the poorest water quality. The annual rainfall of the Yarra River catchment varies from approximately 1,600 mm in the Upper Yarra area to about 600 mm in the Lower Yarra region (Ng et al., 2006) . Low flows occur from November to June, whereas high flows occur during other times of the year.
MATERIALS AND METHODS

Data Collection and Preliminary Analysis
Climatic data were collected from the SILO climate database ( 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Annual rainfall (mm)
Year
Average rainfall line (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) Average rainfall line (1997-2008) 1140mm 922mm
Figure 2. Annual rainfall in the Yarra River catchment
The rainfall analysis also showed that high intensity rainfall (40mm or above) occurred regularly in the drought period, and the most extreme rainfall event (119mm) also occurred in that drought period as shown in Figure 3 with streamflow data from a middle Yarra station. The mean annual rainfall in the Yarra River catchment during the study period 1994-2008 is 1049mm. Based on the mean annual rainfall, the study period is categorized into dry (1997, 2002, 2006 and 2008: mean annual rainfall 825mm), wet (1995, 1996 , 1994, 1998, 1999, 2001, 2003, 2005 and 2007: mean annual rainfall 1027mm) years for water quality analysis purposes. The major water quality monitoring program in the Yarra River catchment is the Melbourne Water's monitoring network at 33 stations on monthly basis along the Yarra River and its tributaries. Among 33 stations, 5 stations were selected of which 3 stations are on the main stream of the Yarra River as shown in Figure 1 and Table 1 . These 5 stations were selected based on data characteristics (data availability, censored or missing) and major landuse types. Available water quality grab sample data of Total Suspended Solids (TSS), Total Nitrogen (TN) and Total Phosphorus (TP) data were collected for these stations from Melbourne Water for the period of 1994 to 2008. In 1994 to 1997 period, data were available almost on weekly basis (except station 1), and afterwards on monthly basis. In the Yarra River catchment, phosphorus is the key pollutant in the waterways whereas in Port Phillip Bay, nitrogen is the key nutrient affecting algal growth and need to be managed to maintain the health of the bay (Melbourne Water and EPA Victoria, 2009). The corresponding daily streamflow data were collected from nearby 5 streamflow stations of Melbourne Water. Table 1 shows that the study period is very dry compared to the whole period of record although 1995 and 1996 were very wet years. th June 2010) was overlaid and the proportions of major landuses in each sub-catchment were calculated as presented in Table 2 . The dominant landuse type in the tributary stations was either agriculture (station 4) or urban (station 5) where as it was forest-agriculture mix type in the main Yarra River stations.
Estimation of Pollutant Loads and Yields
First, the correlations between daily streamflow and concentrations of TN, TP and TSS were determined at all water quality stations. Since the correlations between the concentrations of TSS, TN, TP, and streamflow (TSS: 0.57-0.72; TN: 0.50-0.57 and TP: 0.50-0.57 except station 5) were high and statistically significant (p<0.01), a regression method is selected to estimate the pollutant loadings. Then the regression method based model LOADEST (Runkel et al., 2004 ) was used to estimate constituent loads from the grab sample data. The LOADEST model is well accepted for calculating constituent load from a limited number of water quality data (Jha et al., 2007) . The LOADEST model evaluates the relationships between pollutant loads, and streamflow and time variables to consider time trend and seasonal trend based on eleven predefined models where L = pollutant load in kg/day; a 0 = regression constant; a 1 , a 2 , a 3 , a 4 , a 5 , a 6 = regression coefficients; Q = daily mean streamflow in ft 3 /s; dtime = time parameter in decimal years. The best model was selected automatically in LOADEST based on AIC at each station. Adjusted maximum likelihood estimation and calibration option was selected in LOADEST as residuals approximated a normal distribution, and sometimes contained censored data. Figure 4 shows plotting of residuals against explanatory (streamflow and time) and predicted variables (estimated load) at station 2 as a typical case for TN; they were reasonably homoscedastic. Similarly, the goodness of fit in the estimation was also tested by normal probability plot of the residuals, and found to be normally distributed as shown in Figure 4d . The LOADEST model performed well in estimating TSS, TN and TP loads. The coefficients of determination (R 2 ) for the regression models in LOADEST were greater than 0.84, 0.94 and 0.88 for TSS, TN and TP respectively at all stations. The R 2 value indicates the ''variability explained'' by the models for logarithm of loads. Figure 5 shows a typical case of comparison between observed and estimated TSS, TN and TP loadings (back-transformed to data scale) only on grab sampling days at Warrandyte station. Observed loads were calculated on the particular grab sampling days by multiplying observed daily streamflow by observed pollutant concentration, and compared with estimated loads on those days. TN, TP and TSS yields were calculated by dividing their annual loads by the corresponding station's drainage area.
RESULTS AND DISCUSSION
Pollutant Concentrations
The study period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) included both very wet and extreme drought event in the history of the catchment which affected the pollutant generation processes (Figure 2 ). Years 1996 Years , 2003 Years and 1997 were considered as representative of wet, average and dry year respectively for analysis purposes. Statistical analysis (maximum, minimum, and mean) of pollutant concentrations is shown in Table 3 . In general, TSS, TN and TP mean concentrations were higher in wet years than in the dry and average years, except at stations 2 and 3 where TN mean concentrations were higher in the average years. Also, TSS and TP mean concentrations were higher in the dry years than in the average years. This is due to the direct correlation of TSS and TP, and high runoff events. In addition, TSS, TN and TP mean concentrations were higher in the urban areas, and then in the agricultural areas. 
Estimated Annual Loads and Yields
In general, TSS, TN and TP annual loads in different climatic years (wet, average and dry) or during the study period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) increased from upstream to downstream in the main stream stations as shown in Figure 6 . However, annual load at the station 2 was not higher than that of the station 1 during the dry year especially for TSS ( Figure 6 ). This may be because of the Yering Gorge pumping station located in upstream of the station 2 which withdraws significant amount of water during dry years, and that pumped out water was not considered during the load estimation. The four wet years (1995, 1996, 2000 and 2004) carried out on average 60% of TSS, 51% of TN and 53% of TP loadings in the monitoring stations. Figure 7 shows that during the study period (1994-2008) and wet year (1996) , the highest yields/export rates of TSS, TN and TP were from urban areas, and the lowest export rates of TSS and TP were from forest areas, and TN from agricultural areas. Similarly, during the dry (1997) and average (2003) year, the highest export rates of TSS, TN and TP were from urban areas, and the lowest export rates of TP were from forest areas. However, the lowest export rates of TSS and TN from were from agricultural areas. 
CONCLUSIONS
Effects of climate and landuse activities on nutrient (TN, TP) and sediment (TSS) loads have been assessed in the Yarra River catchment of Victoria, Australia. A simple data-based technique was applied using long-term in-stream water quality data and other readily available tools rather than using complex catchment models and GCMs. The methodology is simple to apply, and can be used as a first step for management purposes where limited time and data available. The study period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) included both very wet and extreme drought event in the history of the catchment which affected the pollutant generation processes. In general, TSS, TN and TP mean concentrations were higher in wet years than in the dry and average years. In addition, TSS, TN and TP mean concentrations were higher in the urban areas, and then in the agricultural areas. The LOADEST model performed well in estimating TSS, TN and TP loads (R 2 >0.84) at all stations from monthly grab sample data. The four wet years (1995, 1996, 2000 and 2004) carried out on average 60% of TSS, 51% of TN and 53% of TP loadings in the monitoring stations. During the study period, the highest export rates of TSS, TN and TP were from urban areas, and the lowest export rates of TSS and TP were from forest areas, and TN from agricultural areas. Overall, water quality and constituent concentrations were influenced by rainfall events and landuse types.
